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Purpose 
n  If permanent or even semi-permanent 
establishments of people are set up on 
Mars, they will eventually have to grow 
their own food. 
n  Purpose of this project: decrease required 
payload in two areas, gas weight and soil 
weight. 
Proposition 1 
n  The greenhouse would be pressurized at 
the same pressure as the living habitat. 
n  Initially the greenhouse would be 
pressurized with Martian air (95% CO2) 
with a few millibars of oxygen to allow 
respiration. 
Fact or fiction? 
n  Studies do show that elevated levels of CO2 
increase plant growth by more than 20% in 
some plants. 
–  Gouk, S.S., He, J. and Hew, C.S.  1999.  Changes in photosynthetic capability and 
carbohydrate production in an epiphytic CAM orchid plantlet exposed to super-elevated CO2.  
Environmental and Experimental Botany 41: 219-230.  
–  Tisserat, B. and Vaughn, S.F.  2003.  Ultra-high CO2 levels enhance loblolly pine seedling 
growth, morphogenesis, and secondary metabolism.  HortScience 38: 1083-1085.  
–  Hew, C.S., Hin, S.E., Yong, J.W.H., Gouk, S.S. and Tanaka, M.  1995.  In vitro CO2 
enrichment of CAM orchid plantlets.  Journal of Horticultural Science 70: 721-736.  
 
n  However, from a botanist’s view, “super-
elevated CO2” means 35,000 ppm, or 0.035%. 
Will plants grow in 95% CO2? 
Preliminary results 
Future Research 
n  Increased photosynthetic efficiency 
n  Effects of Martian levels of sunlight (43% 
that of Earth) 
n  Rate of conversion of CO2 to O2 and its 
applications 
n  Types of plants that do well in this 
environment 
Proposition 2 
n  Plants would be grown in Martian regolith. 
n  “With respect to the majority of soil 
nutrients, Martian soil is richer that that of 
Earth” (Zubrin 196). 
Comparison of plant nutrients in 
soils on Earth and Mars 
Element Terrestrial soil (average) Martian soil (estimated average) 
Nitrogen 0.14% Unknown 
Phosphorus 0.06% 0.30% 
Potassium 0.83% 0.08% 
Calcium 1.37% 4.10% 
Magnesium 0.50% 3.60% 
Sulfur 0.07% 2.90% 
Iron 3.80% 15.00% 
Manganese 0.06% 0.40% 
Zinc 50ppm 72ppm 
Copper 30ppm 40ppm 
Boron 10ppm Unknown 
Molybdenum 2ppm 0.4ppm 
Taken from Stoker, C., et al. “The Physical and Chemical Properties and Resource and Resource Potentials of 
Martian Surface Soils,” Resources of Near-Earth Space, University of Arizona Press, Tucson, 1993. 
Nitrogen and Potassium 
n  Based on our present understanding of 
planetary formation, Mars should have 
originated with about the same proportion of 
nitrogen as Earth. 
n  If our present understanding turns out to be 
incorrect, ammonia and other nitrogen fertilizers 
can be manufactured from atmospheric 
nitrogen. 
n  Potassium can probably be found in high 
concentrations in salt beds deposited on the 
now dry shores of Mars’ ancient water bodies. 
Finding a Mars Analog Soil: 
Pahvant Butte, Utah 
Our Analog Soil 
Compound Mars Soil Composition Pahvant Butte Soil Composition 
SiO2 49.5 (range 47.9-51.0) 52.338 
Al2O3 8.5 (range 7.4-9.1) 11.507 
MnO -- 0.196 
MgO 7.7 (range 7.1-9.1) 7.541 
CaO 6.5 (range 5.6-7.3) 8.749 
Na2O 2.3 (range 1.3-3.8) 1.216 
K2O 0.3 (range 0.2-0.5) 1.159 
TiO2 1.2 (range 0.9-1.4) 1.755 
P2O5 -- 0.199 
Fe2O3 (FeO) 16.0 (range 13.4-17.4) 13.858 
SO3 5.5 (range 4.0-6.5) -- 
Cl 0.6 (range 0.5-0.7) -- 
Growing plants 
Comparison 
Efficiency 
n  Martian agriculture will have a very strong 
incentive to be efficient. 
n  For almost any agricultural plant of 
interest, at least half the plant is never 
used. 
Solution: Quinoa 
n  Bolivian grain 
n  Entire plant—root, stem, and leaves—are 
edible and nutritious. 
n  Robust plant, accustomed to low 
temperatures and pressures. 
n  Has done well through all of our 
experimenting. 
Conclusions 
n  Plants can grow in Mars-ambient levels of 
CO2. 
n  Plants can probably grow in Martian soil. 
n  Quinoa is a good candidate for a Martian 
greenhouse in that it is efficient and 
nutritious. 
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